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(57) Abstract: ^> 

PURPOSE: A method for forming an epitaxial titanium silicide layer is ^j. 

provided to reduce a contact resistance and leakage current of a £^ 
semiconductor device by preventing a condensing phenomenon of a 

silicide layer. - 

<D 

CONSTITUTION: A nitrogen trap layer is formed by performing a, ^""^ 
nitrogen plasma process on a surface of a silicon substrate(21 ). A 
titanium layer is deposited on the silicon substrate(21 ) including the 

nitrogen trap layer by using an IMP(lon Metal Plasma) method. A ■««^ 
titanium nitride(24) is formed by reacting the nitrogen trap layer with the 
titanium layer in a rapid thermal process. An epitaxial titanium silicide 

layer(25) is formed on the surface of the silicon substrate(21 ) by performing a thermal process. The epitaxial titanium silicide 
layer{25) is used for restricting a silicide reaction between the titanium layer and the silicon substrate{21 ). 
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Korean Laid-Open No. 1997-52925 



ABSTRACT 

The present invention relates to a metal line structure that is highly heat- 
resistant and a method for forming the same. First, an inter-layer insulation layer is 
formed on a bottom conductive layer formed on a substrate in which an active region is 
formed, and then, a portion of the inter-layer insulation layer is removed to form a 
contact opening that exposes a portion of the bottom conductive layer. Afterwards, a 
reaction adjustment layer including a metal compound with a high melting point and a 
reaction metal layer including a metal with a high melting point are sequentially formed 
over the above resulting structure, or the reaction adjustment layer and the reaction 
metal layer are deposited consecutively at the same apparatus. A thermal annealing 
process is then applied to form an ohmic layer on the bottom conductive layer disposed 
at the bottom of the contact opening. Only the reaction metal layer or both the reaction 
metal layer and the reaction adjustment layer is/are removed. A diffusion barrier layer 
including a material with a high melting point and a top conductive layer are 
sequentially formed on the resulting substrate structure without the reaction metal layer 
and/or the reaction adjustment layer, thereby forming a high heat-resistant metal line 
structure. The reaction adjustment layer causes the ohmic layer including a material 
like titanium silicide to be uniformly formed, and as a result, it is possible to improve 
device characteristics and enhance the integration scale of semiconductor devices. 
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E..6S - *4 • S <WXia S£0| • .'T i S liSJ 7 M- £AI« □ EH£ ■'. 

21 : £51=71 e ' 22/:. 
23 :. 24 : .EJ^feUOimOIHef 

25 :■ C4?-TiSi. 

#& 
2F3 ?t ^ 

g ires-'&fiJfti'-^xisi xiisgof Straps-, AEisPisat fcivwa'oi sisste-QEifea 

EIAWi£(riSli)2| &S0II 2KT5igiCh- 

S&siog BK£g|it:X}?| -g^ Vtfft: b|EaS!(D«t lln^)OIU ?HSHA|E13^(CftP4cit6r electrode) 
2S; 3^<Bet*.nS ArgSfetU 01 OS gej=7IEtf!r ,S«!?».(Cootict>0| I EIEf&tf.SIAJpi&tW|J- 
■T-ISIia--;aR(«)i ^St'Cr.. #7l2r aS-.i?r»8M r ^89&,TISI^;EiaS(Pdfycrv5tairlne)^5g 
7r*l~D!, 8PS8(Boro-Fhosphd-SI.1[G»te-Glas9j g£S?(Flow)Lr MAIEI SS3K Jff ■ ^£ SM 71 
.JITfl "QSa §3121 ggfig TiSI-b ^(A&lorersUorOS&OI: S8*rPT ^Ar^J ISi LUS)) 

s is season ttrg'Tisii^j BttKfini&i.saaafi, tfa??iB(ii;>gffli EiEfe.s. 

^(N^SIPIMAf S^flSKRaald Thermal Process; RTP)&>4! AloKM f IS'l£(«)tf*'a*0.- 
0} ttHi £71 S^g^BI^ 19711 -SEfe 297H5 StSSr^Oi , HI&r2r2J0IU; ft 11 AlEISrS] Stf*^ M 

§^2! C54-Tisi~p sraaaiAiaa-.'tJ'a.. s^aaej stf^s asas.sor-a.sHs 

C49-TiSI*g MSt!t\ . 

UrMLr, HIMaeiOlU 9HI|AIEi2^iU2i: Sftf¥e(H SISElfe. TfSL-S C54rUSI-S &SBEHAI3I e.rg£S 
£.«3«r0!£ **'fc3.3,-, OIIStB, BPSefeS^..3HIIAlEi gfldlAitt! C54-TiSU5| AUSS.^gSlQTI 
3SK6raln grovthjOfl 2)61 TlSfe 21 ggOl fclfflLKa «4JEia?IB(1 1)3r T iSI, (12)51 783.. 74371 
(Fbushness)rg^KHl £188 73tfOlLr ^<S2f?^ £7rAi2JCk. 

SftK. C54rTiSi.2| t?^«af : ^gs, 2H?fl 2£S*tHl$W yOrSiS 5f#'C49^TiSii2|,'^EH MS 
ElErkDl ©SSi'SAI UEfLte *j#S#. H7l(0ttln bourktorV)tifl AJ ARSCr, 01 HI.. #!7| 

EJTfl (Grain boundary)- ^A|^0flUA|0fl ;*2JS| ..MLHXPK'SS A|^SS, A|£.S/&2j M4!'SPJ £l>fi & 

3?!£g cs44isi£i tuas si ssm °i£isabi ffi^EV: 

.332, OIDI C5«-TISIj& gq*^ MUXIS -91*10! SSEJTfl S^OI S^Sr^ 



if &BI ?0 gf 

PI ElEreHt gsfAl »7I SiMB*2K S^{£l^ ElEteSIOI, WSSrOI :EIEraUOIMeiOlHSM : fB^Qrfe 
ATI. 2 FJ71I; Xi.2 971 SJ SlrSOfl. S«2tS ^AlMCM ^71 fiiefeS' E9(HI OflSI^S ElElfe^rZI 

ArOIHSvg tifl«fe""«-3 9711 ■S^Kfl. 4^1 ' E|E*SLrOIMEJO|EStS fe^l .«SI»*e) 

OISK g -^01 ^Sf£- 7|frS0HMA|-.SS2J *I3§ 7r3 'g aS.5J..7|S5J- A>6»S. gOISfTJ. «A| 

*>a«--SEs aajpi ?mioi; b ems, &z ess S2*toi s 
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E 2a LHAI E 2c£. g gAIWOIl (0£ Gflffl^g C49-Ti3u£J «S EAIsj E30O. 

£ 2aOfl EAIS fcftSI- gTOI, E|EJ&(Ti)0 g*f*PI £Dq fiEIS.7l£»(Z1.)W 400*C~450*Cg£2> 3tqrr~ 
DtonSJ S^indiAl N, E^. NO, S£}*a*g- dd092J UKUS 30£g3 «EI8{0I 4. 1 7I fe'2J»?l5(21)2l & 
3M S£12S(22)S tiStfCl. 01 ttJ. gy\ aiM2JS(22)§ SrhOISSDI *IEi5(Sf)2j 
(Vacancy 9lte)D8 ggJSJOl egSIHSVI «*3£l£0]> &?r' «EI5& EIOI0f£E ^ (Diamond. cubic):? 
IS 0, 3/4,. 1/4 AlgOfl "l^APt ^XI&Eh g?\ I!£Eg!g<22)£ ElEJg §*TA| EIEf§£W2|- 
SSfofOI EIEfeUOIM?.IOIE(TiM)§ tJg.tO. 

£ 2b0fl £A|£? U)9} &0L 3ig^g(22)g &W 4yEI£?IJK21)#(HI Wlon Metal Plasma)S 
# : 0!gcfW EIBfe(23)§ 90A~300A£J gaTSJO. 

£ 2c0fl £AI=! Uf2h i>OI. #?\ EJE^(23) S*J#, gE|A|QIE«)§g .W 2B*. 3«*3»ei§ gAi£H 
Eh 0| EL GTffc-GHrcGflAI Z0£ ~ 3Q£ 1 3" « g £ g9| ;?f S ^AietOI, 2EWI 

^ 850X~900 , C0!]A1 20£~30£g3 -g^BfCfflfcgj AjAI*>Eh 

^01 SrfcE2jg(22)oj ^g£l 3EKMAI 5^gflEI§ t £A|3l3 EIB£(23) 2JA>2F Si 

eg*(ZZ)U| ^gSfOI E|EhSUO|EE-mi£(TiN)(24)i§. SSS^Tfl £IH. &7\ BEmUO\^0\B- 
(TiN)(24)£r &ElgmEIEm21.3H*g ^*I§K* gE|AM3|E2J;£<£ .^Eg £*?0^D. 

^. 2«$«*l5l3g{HIAi ElEJgSEJ ElEfM gEi=3 ufgOl *}XflE!7| IflSOfi. ElBfeUOl 

MEIOIE°f(24)°J SJgOl 3*1 gJCHLI?* £!Q. -OiySJ E|E|£L10|g£IOIE9J£ ^jEIE2i: EIE^2J 

sflhHor.gsiAKHEeigoi ±ei;hi a&tiEs gfji, [oem nun?* ?iu eisej- wni e, ig C49- 

TISI-(25)g.«gEJO. 

01 [«, C49-TiSi-(25)e tiSI5TI5<2l)jlf (06O)TISi,//(Z0O)SI , [001 j nSi.-//[D11 )Si2J »3|£tfS§ 

Bitigoi mmw sfeo. 

gym sui o«ait«^ u49 T iisi 7 (2s^ gsi5?i*»<iM}2* »st» ass &3sm uiimmimsnt) a?i 

S tf'SSISSAI *JEI2?I5(2I)]U EiE|eg5IW0IE#2J . TUSOflAtSJ .^OflUAIg SliS^Hlh 
g#BJ23 C49-TiSi ; 0flA1 C5^TiSI_.S2| SEHAI C54-TiSij2J gH9| OflHAi AI^MIM V^Z\~ 
01, OUHR^ C49-Ti8l,(?5)S SV^IISRV? fiJ5j=]ltSj 313301 sxii»a. 

API (U SOU, g^^S EfSS ^i^J C49-TiSi.-0fl Ul$f CS4-f iSi>| q«SGI gCHL>?|^ OIBd. CCHI-AJ 
*^ %«gAI OflltfQja C49 TiSi.(S)OI C54-TiSi:.3HJ i^£H7f W^tlAj ^di, C54-!iSi.2J 
S! SSfll EIE^4!HIAiOIE2J SSOI &^D. 

£ 3£ WiMEfZiOraeitHI Um TlSl.gg ^iemS UE^ £E5£SAI, ^iMBiOr^EI^ «AJSW 
(-311)321 CW-TIS.I.SOI' UEUCH. l!iMa2DWa^ 3Q£S2f ".tfAItt 3^-(8). (060)2! 
2J C49 T fSt-^ifefOP LIE^EJ. 

e 4ft. si £ 4b& §iia£Di*i£i2i ^os tog. fisiiSj'DiAi^asig £ai*i riaiiSAi, §igei 

£Qmai SWI S»S -3^. (ti40)C54-TlSb, (220) nS4-TIS» r , (3M)re4-TiSi,.30l LfEfUOt; 

mMSim 30^g& A'Aiei s^oiib (dzojc^risi-, (04ojc49^TisL-, (iidtim.. (060)C49rTtsi.oi uEjy 

Et. 

£ 5»(HJ '£A|si ^01, 5Siea^aW£ie £A}5Kq &2 ■ ^S|^I5.^ C54-TISI,^ ?ilSOfl 

B«7F -sin-, £.5bDfl stAig. am .Siqi, Sig5^Dwer(Soi)g. .^a^ i« 

PfeiU- G49-nSL-2J 7t@Qil E!?07t gAI&KI C49-TiSi,9J . (060)S 2F 4' (200)301 S«« 

e sr 4= Sid. gpiai, i^^s m&wy ".(200)3© (foo')aa» .gtisia. 

£ 6£ 3«S|iaWEISEdi l&g TISUSJ ^3HSS EAI^neHSSAJ, IDOOtSI g*|EiOflAIE C49- 
TlSi&OI-.gntW ^ 4= 2ilr. ^3,.C54-TISi 2 ^ SWettl SJ^D. 

£wlL> E|Ef§ 9«tS0| SigH»^Dk«Hli 4!AIS^S^ Ofl'ul^g C49-1 ISI ; (25)0| ^ 

S« E(S S Al I OOO'C D W £.^g*i ^Q) S £XB *JCJ . 
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#71 Ml 2 e?8°J a-2tH«| ^^Eli £'AI3K)i #71 £Eli?^ £EH CHUTI^g ElEHsaeiAKJIES^ « 
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#71 EIE>6UGIMBHJ1=^ #71 .EIEfea|3h .fiEI-aHf #E|A|0|EB?g§ SJMAl?|fe ^S'-SiaSS 
8^ EIEIfetfE|AfOIEej2| as «g. 
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